abstract: Antibody-mediated rejection (ABMR) jeopardises short-and long-term transplant survival and remains a challenge in the field of organ transplantation. We report the first use of the anticomplement agent eculizumab in Oman in the treatment of a 61-year-old female patient with ABMR following a living unrelated kidney transplant. The patient was admitted to the Sultan Qaboos University Hospital in Muscat, Oman, in 2013 on the eighth day post-transplantation with serum creatinine (Cr) levels of 400 µmol/L which continued to rise, necessitating haemodialysis. A biopsy indicated ABMR with acute cellular rejection. No improvement was observed following standard ABMR treatment and she continued to require dialysis. Five doses of eculizumab were administered over six weeks with a subsequent dramatic improvement in renal function. The patient became dialysis-free with serum Cr levels of 119 µmol/L within four months. This case report indicates that eculizumab is a promising agent in the treatment of ABMR.
M
any advances have been made in the last 50 years in the field of kidney transplantation due to improved understanding of the role of the immune system in allograft rejection. Additionally, the introduction of powerful immunosuppressive agents like calcineurin inhibitors has significantly reduced acute cellular rejection rates and substantially improved oneyear transplant survival rates.
1 Despite this, organ rejection is still a major obstacle and long-term posttransplantation outcomes (≥10 years) have not shown much improvement. 2 Hyper acute rejection caused by preformed donorspecific antibodies (DSAs) is now extremely rare due to the universal implementation of pre-transplant crossmatching. Antibody-mediated rejection (ABMR) has proven to play a critical role in the short-and longterm survival of kidney allografts. When untreated or insufficiently treated, ABMR may lead to chronic changes that ultimately result in graft loss. 3 This case report demonstrates the successful recovery of renal function due to the administration of eculizumab in a patient with ABMR following a living unrelated transplant.
Case Report
A 61-year-old Omani woman with end-stage renal disease due to hypertension was admitted to the Sultan Qaboos University Hospital in 2013 eight days post-transplantation. She had no history of spontaneous abortions or venous thromboem-bolisms. She had been on regular haemodialysis at a local dialysis centre for three years before undergoing a living unrelated kidney transplant abroad. Unfor-tunately, details regarding tissue typing, cross-matching, immune suppression induction and the operative procedure were unavailable. At presentation, she had serum creatinine levels of >400 µmol/L which increased to 607 µmol/L a few days later.
Ultrasonography of the transplanted kidney showed a normal-sized graft with a resistive index of 0.91. Four days after admission, on the 12 th postoperative day, an ultrasound-guided renal transplant biopsy showed glomerular thrombosis, mild peritubular capillaritis, interstitial haemorrhage, strong complement component 4 (C4) d positivity in the peritubular capillaries, mild to moderate focal lymphocytic tubulitis and mild interstitial inflammation [ Figure 1 ]. The arteries and arterioles were normal. These findings were consistent with acute class II ABMR and T cell-mediated acute cellular rejection (ACR). The patient was treated with 250 mg of intravenous methylprednisolone for three days, 1.5 mg/kg of rabbit anti-thymocyte globulin for a total cumulative dose of 980 mg, 2 g/kg of intravenous immunoglobulin (IVIG) and five cycles of plasma exchange (PLEX) at 2.5 L per exchange. She also received maintenance immunosuppression with oral prednisolone, tacrolimus and mycophenolate.
The patient showed no improvement in renal function and remained dialysis-dependent after four weeks of conventional treatment. A second biopsy was performed on the 32 nd day post-transplantation which indicated on-going ABMR (acute thrombotic microangiopathy, peritubular capillaritis and strong C4d positivity) and features of chronic ABMR, but no evidence of significant ACR. Intimal fibrosis was seen in the arteries as the result of an earlier acute rejection. These findings were believed to indicate resistance to conventional treatment; as a result, the decision was made to proceed with eculizumab administration. Other treatment options such as rituximab and bortezomib were not considered in view of the strong C4d staining in the peritubular capillaries and persistent findings of ABMR indicative of complement pathway activation. The patient received a meningococcal vaccine two weeks prior to the initiation of the eculizumab treatment as per the manufacturers' recommendations. She received a total of five doses of eculizumab, with the first four doses of 900 mg administered on a weekly basis and the fifth dose of 1,200 mg given two weeks after the fourth dose. A dramatic response in renal function was observed following the first dose [ Figure 2 ]. Her serum creatinine levels continued to improve and had decreased to 119 µmol/L four months after the eculizumab treatment.
Discussion
ABMR occurs in 5-7% of all renal transplants and 20-48% of pre-sensitised positively cross-matched patients. 4 Graft dysfunction usually manifests within a few days of the transplant procedure; however, allograft dysfunction with a resultant increase in serum creatinine may not be present in all cases. 4 DSAs play a major role in transplant rejection; Case Report | e373 (10-50%) and minimal (<10%) staining. 8 The goal of ABMR treatment is the reduction and removal of DSAs and the elimination of the B cell and plasma cell population responsible for the production of these antibodies. The international guidelines do not outline any evidence-based treatments for acute ABMR. 11 Historically, IVIG and PLEX therapy have been used as first-line treatments for ABMR.
11 These therapies are difficult to assess because treatment options, doses and regimens are not standardised. Moreover, no randomised control studies have supported the use of IVIG in acute ABMR despite its common utilisation in this context. 12 Although the role of PLEX has not been confirmed, studies have shown it to be beneficial especially in combination with other agents. 13, 14 Other strategies for managing ABMR include the use of rituximab, which targets pre-B cells and B cells, and bortezomib, which is a proteasome inhibitor. 15, 16 Uncontrolled randomised studies have shown benefit in both rituximab and bortezomib. 11, 17 These agents are usually used in conjunction with IVIG and/or PLEX.
11
Eculizumab is a humanised monoclonal antibody directed against complement protein-C and has recently been used as a new therapeutic agent for ABMR with emerging data supporting its applicability and efficacy in kidney transplantation. 11, 18 It is a terminal complement inhibitor initially approved for the management of paroxysmal nocturnal haemoglobinuria and atypical haemolytic uremic syndrome. 19, 20 It targets complement component 5, thus blocking the complement cascade and the formation of the complement membrane attack complex. 21 To the best of the authors' knowledge, the present case report is the first to detail the use of eculizumab to treat ABMR in Oman. In this case, eculizumab was administered after a failed response to conventional treatment (IVIG, PLEX, steroids and anti-thymocyte globulin) and histological evidence of persistent ABMR on a repeated graft biopsy four weeks post-transplantation. The patient exhibited a dramatic improvement in renal function following five doses of eculizumab. González-Roncero et al. confirmed the efficacy of this agent in the treatment of two cases of ABMR, especially when the biopsy shows C4d staining. 22 Several other reports also endorse the use of eculizumab in the treatment of ABMR. 23, 24 However, these findings need to be confirmed by randomised control trials. The current case report highlights a common dilemma arising from commercial transplants, particularly as these surgeries may be carried out without optimal preparation and with limited peri-operative information available following the procedure. they are either preformed or develop de novo after transplantation. 5 These antibodies are most commonly directed against the human leukocyte antigen (HLA) or major histocompatibility complex (MHC) class I and II. The former is expressed in all nucleated cells while the latter is restricted to endothelial cells and antigen-presenting cells like dendritic cells and B-lymphocytes. The antibodies can also be directed against other DSAs/non-HLA-like platelets, specific antigens, renin-angiotensin pathways and MHC class I-related chain A. Previous transplantations, pregnancy and blood transfusions are major risk factors leading to sensitisation against MHC. 6 Anti-MHC antibodies either result in direct injury to the capillary endothelium or indirect injury via complement activation which is the major mechanism leading to the formation of a membrane attack complex. This formation results in cell injury and manifests histologically as glomerulitis, peritubular capillaritis and vascular endothelial injury. Endothelial damage also causes platelet activation and microthrombus formation.
The Banff Foundation for Allograft Pathology has proposed that at least two of the following criteria indicate a diagnosis of ABMR: (1) the presence of DSAs; (2) a positive C4d stain; and (3) histological evidence of glomerulitis, peritubular capillaritis and vascular endothelial injury. 7, 8 In the present case, two of the above criteria were met. However, the patient was not tested for panel-reactive antibodies or DSAs; the latter was due to the unavailability of the technique at that time in Oman. However, it is an established practice to initiate treatment of ABMR in circumstances where the criteria are not entirely fulfilled due to multiple factors, including an inability to measure DSAs due to the presence of non-HLA antibodies or the possibility of DSA adsorption into the allograft. 9 On the other hand, C4d stains may be falsely negative in areas of necrosis or with less sensitive immunohistochemistry techniques. Protocol biopsies have also demonstrated C4d variability in staining over time from positive to negative. 8 The complement split product C4d results from the breakdown of C4b into C4d and C4c. It has a high affinity for endothelial and basement membranes and is expressed in the normal kidney mesangium and vascular pool owing to the constant complement turnover. 10 In cases of immune-mediated glomerulopathy, it extends into the glomerular capillaries and deposits in the peritubular capillaries in a transplanted kidney. Immunohistochemistry and immunofluorescence are two methods to detect C4d, the latter of which is more sensitive. Diffuse staining of C4d (more than 50% of a peritubular capillary stain) is highly suggestive of ABMR, in comparison to focal 
Conclusion
ABMR is a serious complication that can occur following organ transplantation. It can have a grave impact on long-term kidney transplant survival. Several non-evidence-based strategies exist to treat ABMR. This case report presents the first use of eculizumab in Oman to treat ABMR. The successful outcome of this case indicates that eculizumab may be a promising agent in the treatment of this condition. However, randomised control trials are needed to confirm the efficacy of this agent.
